Abstract: Structural and parametric identification of the nonlinear systems with a closed cycle on the set of continuous block-oriented models with feedback is considered. The method of the structural identification in the steady state based on the observation of the system's input and output variables at the input periodic influences is proposed. The solution of the parameter identification problems, which can be immediately connected with the structural identification problem, is carried out in the steady and transient states by the method of least squares. The structural and parametric identification algorithms are investigated by means of both the theoretical analysis and the computer modeling.
INTRODUCTION
Systems, usually functioning with a closed cycle are widespread in chemical, mining, pulp-and-paper industry, ecologies, etc. Such systems are differed by the fact, that a part of the initial material remained unprocessed up to the required condition, when passing through to the working part of the object, returns to the entry of this object forming the basis of recirculation stream. Systems with the closed cycle are characterized by the maximum raw material utilization and comparatively high efficiency (Nagiev 1962) . They are complex nonlinear control objects -the steady movement at their output is reached only at the certain values of the parameters of the system and under the change of the input influence within certain limits.
When constructing models of such systems the circumstance that there is certain a priori information about the system should be taken into consideration. For example, for the mill of ore-dressing plant working with the closed cycle, proceeding from their functioning conditions, there is certain information about the static characteristic of the system, which can be approximated by a polynomial function of the second degree. As to the system sluggishness, it is considered in the form of linear dynamic -in particular, aperiodic elements (Arefiev, 1969) . Therefore we can use blockoriented models for modelling systems with the closed cycle (Haber and Keviczky, 1976) .
In the given work the problems of structural and parametric identification of the nonlinear systems with the closed cycle on the set of block-oriented models with the feedback are considered.
At the identification of systems the most important is to choose the correct structure of the model. Usually model structure is determined on the basis of a priori information or depending on the physical laws of the processes that take place in the system (Eykhoff, 1974) . However, the structure of the model determined in this way often has high dimension, and its application is not expedient for the solution of practical problems.
In the work the problem of structural identification, which is coordinated with Zadeh's classical definition of identification, is posed as follows: classes of models and input signals are given; it is required to develop a criterion identifying the model structures from the class of models. Thus the a priori information is applied to the task of a class of models, and a posteriori information -for definition of structure of model from this class.
The problem of parametric identification can be connected directly with the problem of structural identification using the experimental data, received for solving the problem of structural identification. The offered method of parametrical identification of nonlinear systems with a feedback allows to define a part of parameters -static characteristics in the established mode, and the second part of parametersdynamic characteristics in a transitive mode on the basis of the method of the least squares..
The developed methods and algorithms of structural and parametric identifications are investigated by means of both, the theoretical analysis and the computer modelling.
CLASSES OF MODELS AND INPUT SIGNALS

Class of models
The structure of the model of nonlinear systems with the closed cycle is determined on the set of the continuous blockoriented models with a feedback: 
On the basis of the a priori information it is supposed that the nonlinear static element, which is the part of block-oriented models with feedback, is described by the polynomial function of the second degree:
where the free member is absent, since there is no signal on the output of system with a feedback at the zero input signal. 
If we consider expressions (9) and (10) in expressions (2) - (8) after several transformations we get that the models
of the set of models (1) are described by the ordinary nonlinear differential equations of the first orderRiccati equation, and the models -by the ordinary nonlinear differential equations of the second order, which are known in the theory of oscillations as Duffing equation when
Class of input signals
For solving the problem of structural identification of the nonlinear systems it is supposed that the input variable of the 
The problem of structural identification of nonlinear closed systems was considered earlier on the set of continuous blockoriented models with the feedback, consisting in Hammerstein and Wiener models with unit feedback (Arefiev and Buadze, 1972, Shanshiashvili, 1988 ) and on the "greater" set of blockoriented models (1) at the input sinusoidal influences (Salukvadze. and Shanshiashvili, 2003) .
In order to determine the identification criterion of the model structure on the set of the models (1) it is necessary to solve differential equations of the models taking into account (11), and also to consider stability conditions of the steady motion at the output of the nonlinear systems functioning with a closed cycle.
For the nonlinear systems with the closed cycle, it was obtained (Arefiev, 1969) , that the implementation of the following conditions: 
where u -a value of the input signal for some steady state, guarantees the system stability. Therefore for the models of the set (1) it is supposed, that the conditions (12) -(13) are valid.
Due to the conditions (12) and (13) in the models a nonresonance case takes place; besides according to the Diulak criterion (Andronov et al., 1966) , in these models there can not be self-oscillations. According to the above mentioned, for the solution of Riccati and Duffig equations, corresponding to the models, it is possible to use the method of a small parameter and to search for the solution of the equations in the form of the following series:
¦ f 1 n n n t y t y P where P is a small parameter.
Substituting (14) in the differential equations of models and comparing coefficients under identical degrees P in the left and right parts of the equation, we get recurrent formulas for determining . Using such formulas for determining , 1 , 0 n t y n t y n we get uniformly and absolutely convergent series. Hence we can use the Cauchy rule for the multiplication of such series and differentiation and integration operations can be done inside the sums.
As a result of solving the differential equations of the models of the set (1) 
In the expressions (15) - (21) The algorithm of the structural identification of nonlinear systems with the closed cycle is as following:
x For the structural identification at the input of investigated system the periodic influence with the different periods should be given and the output steady state functions should be written ; x To determine constant components of the output periodic oscillations using the numerical harmonic analysis; x To determine the belonging of investigated system to the certain subset of set of models (1) using developed criterion of the structural identification.
PARAMETRIC IDENTIFICATION
A considerable quantity of scientific works in which this problem is solved on the basis of different approaches and methods are devoted to the problem of parametric identification of nonlinear systems. At the representation of nonlinear systems by the block-oriented models, most of the methods of the parametric identification are developed for the simple Hammerstein model (for example (Hasiewisz and Mzyk, 2004, Zhao, 2010) . A comparatively small quantity of works is devoted to the identification of parameters of the simple Wiener model (for example (Bai 2003) ). As to the identification of parameters of other opened block-oriented models and block-oriented models with the feedback, the success in this field is insignificant.
Due to the functioning peculiarities of nonlinear systems with the feedback and mathematical difficulties the solution of the parametrical identification problem of such systems is much more complex than identification problem of open nonlinear systems.
The majority of block-oriented models with the feedback are nonlinear concerning the parameters and the analytical solution of the parametrical identification problem is possible for some low order models.
For the models of the set (1) . (28) Using the formulas (27) and (28) 
THE CONCLUSION
The identification problems of nonlinear systems, which usually function with the closed cycle, get specific forms, proceeding from their functioning peculiarities. When carrying out the experiment in such systems it is necessary to consider the conditions of stability of each movement at the output, since such movements can become steady under same values of the system parameters. Besides, when obtaining the expressions of the output variables of the closed nonlinear systems analytically it is necessary to solve nonlinear differential equation that is connected with mathematical difficulties. Unlike that, in the case of opened systems it is possible to consecutively solve linear ordinary differential and nonlinear algebraic equations.
The method of structural identification of nonlinear systems with the closed cycle in the stationary state on the set of continuous block-oriented models with the feedback on the basis of active experiment under input periodic influences is offered in the given work. The developed criterion of the structural identification gives possibility to choose a certain subset from the models' set for representing the model structure of the nonlinear system. The parametrical identification of nonlinear systems with closed cycle is carried out in the steady and transitive states under the determined input influences. Static characteristics are estimated in the steady state and dynamic characteristicsin the transitive state based on the least squares method.
